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DRIVING METHOD AND DRIVING CIRCUH FOR COLOR LIQUID CRYSTAL 

DISPLAY 

nKrvwnmm ™v invention 
Fiplri o-F i-bfi Inventi on 



The present invention relates to a driving method and a 
driving circuit for a color liquid crystal display and more 
10 particularly to the driving method and the driving circuit for 
driving the color liquid crystal display based on a gamma 
compensated video signal. 

The present application claims the Convention Priority of 
Japanese Patent Application No. Heill-316873 filed on November 
15 8,1999, which is hereby incorporated by reference. 

po^ T-jpt-ion o f th» Related Art 

Figure 19 is a block diagram showing a conventional electric 
20 configuration of a driving circuit of an analog circuit 
configuration of a color liquid crystal display 1. 

The color liquid crystal display 1 is a liquid crystal 
display of an active matrix driving type using a TFT (Thin Film 
Transistor) as a switching element, in which intersection points 
25 of Plural scanning electrodes (gate lines) provided at 
predetermined intervals in a row direction and plural data 
electrodes (source lines) provided at predetermined intervals in 
a column direction are used as pixels, for each pixel, a liquid 
cell of a equivalent capacitive load, a TFT for driving a 



corresponding ligui. crystal ceU, a capacitor for dat 
charge during one vesica, s,— period are arranged 

a video blue signal B.. are applied to the ^ta electrode and 
J— ^1 generate. based on a horizontal synchro nous 
si g nal S„ an d a vertical synchronous signal S v is applred a 

character, a color ima g e and 
scanning electrode, and then a color character, 
. liKe are displayed. In addition, the color Irgurd crysta 
, L P lay 1 is a normal white type having a high transmittance - 

no voltage is applied. L 
F urther, the drivin, circuit of the color Irgurd crystal 
disP lay 1 is .ainly provided wit, cla^p circuit 2, to clamp crrcurt 
. reference voltage g eneratin g circuit 3, compensate 
5 circuit 4l to ga^a compensate circuit polarity inverts 
cu 1 . . vi deo amplifier 6 X 

circuit 5l to polarity inverting crrcurt 5„ vrdeo P 
to video amplifier 6,, a timing generating circuit 7. a data 
el ectrode drivmg circuit a and a scanning electrode drrvrng 

20 "^"llp circuit 2l to clamp circuit 2 , e.ecute a clamp ^ 
direct current refreshing a level of a top or a hac. pore, o f 
■ „ na1 c of the video red signal b R , 
the horizontal synchronous sxgnal S H of t 

• al s and the video blue signal S B supplied 
the video green signal S G and tne 

, ■ dp to a black level and output a video red signal S RC , 
from outside to a Diac^ 
25 a video green signal S« and a video blue signal S BC . 

The reference voltage generating circuit 3 a generates 

ltaae v a reference voltage v,.„ a reference voltage 
reference voltage v L , d j-<=j- 

pnS ate the video red signal S BC , the vxdeo 
V B used to ganrna compensate the 

• n , and the video blue signal S BC and supplies the 
green signal S rc and tne 



signal S K to ,» compensating circuit 4, to gamma compensating 
circuit 4,. Gamma compensating circuit 4, to gamma compensating 
circuit 4„ based on the reference voltage V t , the reference 
voltage V M and the reference voltage V„ supplied from the reference 
voltage generating circuit 3, give a gradient to the video red 

S by gamma compensating the video red signal S RC , the video green 
signal S K and the video blue signal S BC and output them as the 

light S BG . 

Here, the gamma compensation will be explained. For example, 
when a logarithm value of a luminance originally provided for a 
S u bj ect such as a view and a person taken by a video camera rs 
set to a horizontal axis and a logarithm value of a luminance of 
a reproduced image displayed on a display by a video signal from 
the video camera is set to a vertical axis and then an inclination 
angle of a reproducing characteristic curve is set to 6 , tan 0 
ls called a gamma <r,. When the luminance of the subject is 
0 reproduced on the display with fidelity, namely, *hen an input 
(horizontal axis, increases or decreases by one and also an output 
vertical axis, increases or decreases by one, the inclination 
angle of the reproducing characteristic curve is a straight line 
having an inclination angle of 45% t.n«-l and then the gamma 
■ 5 becomes 1. Therefore, in order to reproduce the luminance of the 
subject with fidelity, it is necessary to set a gamma of a whole 
lh „ mMprt bv the video camera though 
system including taking the subject by tn 

reproducing an image on the display to gamma=l. 

However, an image pickup element such as CCD (Charge Coupled 



Oevice), a CRT (Cathode Ray Tube, display or a UK. -Kino up a 
vl deo camera h as a peculiar ga^a . * <* CCO is 1 and 

a gamma ol the CRT display is about 2.2. 

Therefore, it is necessary to compensate a video signal rn 
order to obtain a reproduced i«,e of good gradatron by setting 
ga ™a=l as a whole system, and this is called ga^a compensation 
Generally, the garn^a compensation is applied to the video signal 
so as to be suitable to a garn^a characteristic of the CRT display. 

Polarity inverting circuit 5, to polarity inverting circuit 
5 in order to alternately drive the color liguid crystal display 
T invert respective polarities of the video red light S,, the 
^deo green light S« and the video blue light S Ba and output them 
Video amplifier 6, to video amplifier 6 3 amplify the video red 

, are polarity-inverted to a level until the color liguid crystal 
display 1 can be driven. The timing generating circuit 7, based 

-,n c and the vertical 
on the horizontal synchronous signal S„ and 

synchronous signal S v supplied from outside, generates a 
h orizontal scanning pulse P„ and a vertically scanning pulse P v 
0 and supplies the horizontal scanning pulse P» and the vertical it, 
scanning pulse P. to the data electrode driving circuit 8 and the 
scanning electrode driving circuit 9. «» data electrode drrvrng 
circuit 8 generates a data red signal, a data green signal, a data 

25 s . and the video blue light S, s which are amplified and 
polarity-inverted and applies the data red signal, the data green 
signal and the data blur signal to corresponding data electrodes 
in the color liauid crystal display i at a trming of the horizontal 
scanning pulse P„ supplied from the timrng generating circuit 7. 



The scanning electrode driving circuit 9 generates a 
scanning signal and supplies the scanning signal to a 
corresponding scanning electrode in the color liquid crystal 
display 1 at a timing of the vertical scanning pulse P v supplied 
5 from the timing generating circuit 7. 

Further, Fig. 20 is a block diagram showing a second 
conventional electric configuration of a driving circuit of a 
digital circuit configuration for the color liquid crystal 
display 1. 

10 The driving circuit for the color liquid crystal display 1 

is mainly provided with a controlling circuit 11, a gradation 
power supply circuit 12, a data electrode driving circuit 13 and 
a scanning electrode driving circuit 14. 

The controlling circuit 11 is, for example, an ASIC 
15 (Application Specific Integrated Circuit) , supplies red data D. 
of six hits, green data D G of six bits and blue data D„ of six 
bits supplied from outside to the data electrode driving circuit 
13 and generates a horizontal scanning pulse P., a vertical 
scanning pulse P. and a polarity inverting pulse POL for 
20 alternately driving the color liquid crystal display 1 and 
supplies them to the data electrode driving circuit 13 and the 
scanning electrode driving circuit 14. The gradation power supply 
circuit 12, as shown in Fig. 21, is provided with resistor 15, 
to resistor 15 u connected longitudinally between a reference 
25 voltage V R „ and ground and voltage follower 16, to voltage follower 
16, connected with connection points of resistors adjacent to 
respective input terminals, and applies buffer to a gradation 
voltage V, to a gradation voltage V, set for the gamma compensation 
and appearing at connection points of adjacent resistors and 



supplies gradation voltage V. to gradation voltage V, to th . data 

electrode driving circuit 13. 

The data electrode driving circuit 13, as shown in Fig. 21. 

is ,ainlyprovidedwitha,ultiplexer <MPX, 1,, a DAC 18 and voltage 

£ ollower 19, to voltage follower 19 38< . In addition, a real data 
electrode driving circuit is provided with a shift register, a 
data register, a latch and a level softer at a £ ront step of the 
DAC 18, however, these events and operations are not directly 
.elated with features of the present invention, therefore 
explanations are o,itted in this specification and the Y are not 



shown . 



The ,ultiple*er MPX 17 switches a group of gradation voltage 
V to gradation voltage V, and a group of gradatron voltage V 5 to 
gra dation voltage V 9 a,ong gradation voltage V, to gradation 
15 voltage V, supplied fro, the gradation power supply circuit 12, 
bas ed on the polarity inverting pulse PC supplied fro, the 
controlling circuit 11 and supplies one of the groups to the DAC 
18 Th e DAC 18 applies the ganma condensation to the red data D, 

20 of six fcits supplied fro, the controlling circuit 11, converts 

signal and supplies the analog data red signal, the analog green 
signal and the analog ,lue signal to voltage follower 19l to 
25 .oltage follower 19 s .„ -sed on the group of gradation voltage 
v 0 to gradation voltage V. and the group of gradation voltage v s 
tt gradation voltage v.. Voltage follower 19, to voltage follower 
19 M apply buffer to the analog data red signal, the analog data 
gr een signal and the analog data flue signal supplied fro, the 



electrodes in the color liguid crystal display 1. 

T he scanning electrode driving circuit 14 seguentral 
aerates scanning signals and sequentially applies the — 
gnals to correspond^ scanning electrodes in t h e color Irgurd 

supplied frora the timing generating circuit 7. 

„ 1 of the -3t conventional e^ple ^ ^ 
comp ensation is applied to the video re srg S 
areen signal S« and the video blue srgnal s. based 

oltage V the co-on reference voltage v.. the co-on 

reference voltage v L , tne 

referen ce voltage V, so that the gam,a characterxstxc of the CRT 
• 8 about 2 2) is suitable for the video red sxgnal 
display (gamma is about 2..*) 

■ a i q and the video blue sxgnal S BC . 
the video green sxgnal S w and tne 

. ^ f the color liquid crystal 
Further, in the driving cxrcuxt for the 
. , , 0 f the second conventxonal example, the gam.a 
dxsplay 1 of the green data D G and 

compensation is applied to the red data D R , g 
the blue data 0 B based on the c— ref erence ^ 

Vo to the common reference voltage V 4 and common gradatxon 
ref erence voltage V 5 to common gamma reference voltage V so h 

characteristic of the CRT display (gamma is about 2.2) 
the gamma characteristic 

h H.ta D the green data D G and the blue 
is suitable for the red data D R , tne y 



S 



data D, 



25 



„Lever, a color liquid crystal display 1 • *— 

characterise different fro. that of a c« «U.p ay 
characteristic curve of a trans^ittance T for an applred volt ge 
v. characteristic curve) rs not Imear, and particularly 
h .pittance hardly changes against a change of the applred 
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bl ac k level, Further, since the V-T characteristic 
voltage near a black ^ ^ _ 22 _ 

cur ve o t the color ligui* crystal <Us P V, ^ 

, .p a rPC i (curve a) , a 9 Leeu v 
■ H^ffprent for each of a rea \^ 

c) a characteristic curve of the finance <an 
, bl ue (curve c) , a char ^ ^ ^ is 

fnlin for the gradation (an input), 
output) for tne y (curve b) and 

^ --f thP red (curve a) , tne greei 
different for each of the relative 

finance in which the ga^a compensation rs a PP l e - 

gamma character^ characteristic ourve shown in rl,. 

' at " nSmi :r: 1 set.However, P articularlyinthe g reen 

V, namely, a wh, of 80% , therefore, 

(cur veh, , - ^ g _ conpensa tion ana 

im possr b le to meet 

Further, recently, morde a ^ 

— ' 3 C01 : ^ar; .-Lle^leofav. 
.remittance is — « ^ ^ such 

25 c ha r a cteristic curve of . < ^ 

' ^ ~ ittanCe TlTtT vrialcterrstic curve, each 

of red (curve a,, green ^ ^ ^ 

transmittance of 100%, namely, each 
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different, therefore, there is a problem in that the color liquid 
crystal display 1 cannot be used since it is impossible to deal 
with gamma characteristics of the conventional gamma compensation 
which are used in common with red, green and blue. 

Furthermore, as above described, in the first conventional 
example and the second conventional example of a driving circuit 
for the color liquid crystal display, gamma compensation is 
applied based on common reference voltage V„ common reference 
voltage V„ and common reference voltage V a or a common group of 
gradation voltage V 0 to gradation voltage V, and a common group 
of gradation voltage V 5 to gradation voltage v., therefore, there 
is a problem in that, though a gradation batter occurs in which 
gradation change is not displayed on a display as luminance 
changes, the gradation batter can not be removed. 

gnMMARV P F -IP TMVF.HTTON 

In view of the above, it is an object of the present invention 
to provide a driving method and a driving circuit for a color liquid 
crystal display capable of carrying out a gamma compensation fully 
suitable to a characteristic of the color liquid crystal display 
and capable of removing a gradation batter though the gradation 
batter occurs in a specific color among red, green and blue. 

According to a first aspect of the present invention, there 
is provided a driving method for a color liquid crystal display 
including : 

a step of applying gamma compensations making suitable to 
a red transmittance characteristic, a green transmittance 
characteristic and a blue transmittance characteristic for an 



independently in order to obtain a —sate. video red 

a compensated video green signal and a compensated blue signal; 



and 



a step of driving th, color Uguid crystal display based on 
the compensated video red signal, t h e compensated video green 
signal and the compensated blue signal. 

.ccording to a second aspect of the present invention, there 
.0 is proved a drying method for a color liguid crystal display 

'"Tlx of applying gam^a compensations, each of the ga^a 
compensations including a first ga^a compensation of voluntarily 

■oUr* nf a reproduced image to an 
giving a luminance characteristic of a rep 
15 input image luminance and a second gamma compensation of maKrng 
stable to a red transmittance characteristic a green 



and a blue transmittance 
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transmittance characteristic 
characteristic for an applied voltage of the color Xiguid crystal 

bl ue signal independently in order to obtain a compensated vr eo 
£ ed signal, a compensated video green signal an d a compensated 

blue signal; and 

a step of driving the color liguid crystal display based on 
the compensated video red signal, the compensated video green 
signal and the compensated blue signal. 

In the foregoing, a preferable mode is one wherein the gamma 

signal corresponding to an area in whrch the red transmittance 



characteristic, the green transmittance characteristic and the 
blue transmittance characteristic for the applied voltage for the 
color liquid crystal display become an approximate similar 
characteristic curve. 
5 Also, a preferable mode is one wherein voltages or data used 

for the gamma compensations are independently set in an area from 
a minimum transmittance to a maximum transmittance of each of the 
r ed transmittance characteristic, the green transmittance 
characteristic and the blue transmittance characteristic for the 
0 applied voltage for the color liquid crystal display. 

Furthermore, a preferable mode is one wherein the voltages 
or the data are independently changeable. 

According to a third aspect of the present invention, there 
is provided a driving circuit for a color liquid crystal display 
15 including: 

a first gamma compensating circuit for applying a gamraa 
compensation of compensating a video red signal so as to be 
suitable to a red transmittance characteristic for an applred 
voltage in the color liquid crystal display and for outputting 
20 a compensated video red signal; 

a second gamma compensating circuit for applying a gamma 
compensation of compensating a video green signal so as to be 
suitable to a green transmittance characteristic in the applied 
voltage of the color liquid crystal display and for outputting 
2 5 a compensated video green signal; 

a third gamma compensating circuit for applying a gamma 
compensation of compensating a video blue signal so as to be 
suitable to a blue transmittance characteristic for the applied 
voltage of the color liqaid crystal display and for outputting 
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a compensated video blue signal; 

a reference voltage generating circuit for supplying 
respectively reference voltages to the first gamma compensating 
circuit, the second gamma compensating circuit and the third gamma 
compensating circuit; and 

a data electrode driving circuit for driving corresponding 
eiectrodes of the color liquid crystal display based on the 
compensated video red signal, the compensated green signal and 
the compensated video blue signal. 

According to a fourth aspect of the present invention, there 
is provided a driving circuit for a color liquid crystal display 
including: 

a first gamma compensating circuit for applying a gamma 
compensation to a video red signal, the gamma compensation 
including a first gamma compensation of voluntarily giving a 
luminance characteristic of a reproduced image for an input image 
luminance and a second gamma compensation of compensating the 
video red signal so as to be suitable to a red transmittance 
characteristic for an applied voltage in the color liquid crystal 
display and for outputting a compensated video red signal; 

a second gam™ compensating circuit for applying a gamma 
compensation to a video green signal, the gamma compensation 
including a first gamma compensation of voluntarily giving a 
luminance characteristic of a reproduced image for an input image 
luminance and a second gamma compensation of compensating the 
video green signal so as to be suitable to a green transmittance 
characteristic for an applied voltage of the color liquid crystal 
display and for outputting a compensated video green signal; 
a third gamma compensating circuit for applying a gamma 



oompens.tion to a video b Xue si.n.X, the — compensate 
l di n g a tirst 9 a m a compensate ot voXuntariiv ^ a 
Inane! characteristic o* a reproduced — '« ~ 
finance and a second 9 a« — Uo„ «* ^ S 
5 , i4 eo b Xue si.naX so as to b e suita.Xe to a b Xue transmrttan 
characteristic IOr an appXied volta g e ot the coXor 1^ 
dlsp lav and tor outputs a compensated video - s ig naX ; 

a Terence voXta.e g eneratin g circuit tor suppXvrn, 
respective reterence voXta.es to the tirst aamma compensate 

compensating circuit; and rt „ riina 

a data eiectrode driven, circuit tor drivin g correspond 
eXectrodes in the coXor Xi q uid crvstaX dispXa, hased on 
compensate. video red si.naX, tne compensate. video g reen Sig n a X 
15 an d the com P ensate d video bXue signal. 

xn tne tor.oin.. a ptete^Xe -od. is one where.n th 
refe rence voXta g e g eneratin g citc.it s.ppXies a — » 

v ideo b Xue si g naX cottespon d in g to an ate. m 
2Q transmittance characteristic, the 9 teen 

characteristic and tne b Xue transmittance characterise the 

approximate simiXar characteristic curve. 

ft lso, a pre f era b ie mode is one herein the reterence vo 
25 are independentXy set f or e a ch a rea trom a minimum 

to a — transmittance in each ot the red — ^ 
characteristic, the g reen transmittance characters rc and h 
blu e transmrttance characteristic tor the appXied voXt ag e tor 
color liquid crystal display. 
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» .referable mode is one wherein the reference 
Furthermore, a preierauxc 

voltages are independently changeable. 

wording to a fifth aspect of the present mven tron 

is provided a driving circuit for a color liquid costal drsplay 

5 inClUdlng: . v circuit for generating a plurality 

a gradation power supply crrcurt 

of red gradation voltages, a plurality of green gradatron volt 
a nd a plurality of blue gradation voltages used for independently 
ly ng a gamma compensation to a vrdeo red signal, a video green 
0 n l and a video blue signal in order to compensate the^d 

1 anri the video blue signal so 
red signal, the video green srgnal and 

as to be suitable to a red transmittance characteristic, gree 

. a blue transmittance 
transmittance characteristrc and a 

15 display; and . 

a data electrode driving circuit for applying a data re 
n „h a data blue signal obtained by 
signal, a data green srgnal and a data 

applying the g »a compensation to a red data, a green data 
; lu data and by analog-convertrng the red data, the green data 
20 and the blue data based on the plurality of red gradation voltages 
Plurality of green gradation voltages and the plural^ o 
blue gradation voltages to corresponding data electrodes of 
color liquid crystal display. 

wording to a s.xth aspect of the present invents n 
25 is provided a driving crrcuit for a color liquid crystal drsplay 

including: „ lnr , litv 

a gradation power supply circuit for generate a plu 
ot red gradation voltages, a plurality of green gradatron voltage 
and a plurality of blue gradation voltages used for independently 



apP lyin g a gam a compensation to a v.deo red si.nal, a - ^ 
s gn X an, a .aeo M «e si.nal, «- — ^ 

Lst .amma compensation o £ voluntarily g ivin g a 
„ liS Uc «* a re P ro d uce d ima g e tor a, input ima.e lumrnance 
and a second g amma compensation of compensate the v, eo 
sig nal so as t o b e suitable t o a b lue — — S 
for an applied volta g e of - color li.id crystal ■ * 

a da ta electee d rivin g ' circ.it for applym, a dat, red 

ap i y in g a gaKm a compensation to a red data, a 9 reen data an 
le data and b y analo g -convertin g the red data, t h e g reen data 
and the W , data b ased the plurality of re d g radation voi^e ; 
t he plurality of g reen g radation voita.es and the plural^y 
Wu e .radation voita.es to correspond^ data electrodes of 
5 color liquid crystal display. 

In th e for g oin g , a preferahle .ode is one 
nation P o W er supply circuit g enerates a common .radatro 

vi deo b lue Sig nal corres P on d in g to an area in ^ ^ 

4--^ nrppn transmittance 
^>, 2 r a rtPristic, the green 
>0 transmittance characteristi 

cha racteristic an d the hlue transmittance characterise tor the 

apP roximate similar characteristic curve . 

also, a preferable mode is one wherein the plurality of red 
25 grad ation volta.es, tne plurality of 9 reen Ration volta.es an 
th e plurality of blue .—ion volta g es are in d epen d ently set 
for each area from a — transmittance to a ma, m m 
tra nsmittance in each of the re d transmittance — ■ 
th e 9 reen transmittance characteristic and the b lue transmrttance 



characteristic in the applied voltage in the color liquid crystal 
display. 

Furthermore, a preferable mode is one wherein the plurality 
o£ red gradation voltages, the plurality of green gradation 
voltages and the plurality of blue gradation voltages are 
independently changeable. 

According to a seventh aspect of the present invention, there 
is provided a driving crrcuit for a color liquid crystal display 
including: 

a fi rst gamma compensating section for applying a gamma 
compensation to a digital video red signal, the gam™ compensation 
including a first gam^a compensation of voluntarily giving a 
luminance characteristic of a reproduced image for an input image 
luminance and a second gamma compensation of compensating the 
5 digital video red signal so as to be suitable to a red transmittance 
characteristic for an applied voltage of the color liquid crystal 
display and for outputting a compensated digital video red signal,- 
a second gamma compensating section for applying a gamma 
compensation to a digital video green signal, the gam^a 
,0 compensation including a first gamraa compensation of voluntarily 
giving a luminance characteristic of a reproduced image for an 
input image luminance and a second gamma compensation of 
compensating the digital video green signal so as to be suitable 
to a green transmittance characteristic for an applied voitage 
25 in the color liquid crystal display and for outputting a 
compensated digital video green signal; 

a third gamma compensating section for applying a gamma 
compensation to a digital video blue signal, the gamma 
compensation including a first gamma compensation of voluntarily 
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characteristic o£ a reproduced image for an 
g iving a finance cnaracte ^ compens ation of 

input image luminance and al so as to be suitable 

digital video blue signal.- and ^ ^ ^ 

o r— :: — - 

the color liquid crvstal d^a, ^ lwmtlon . t h ere 

according to an ergnth aspect ^ 

ls pr ovided a driving circuit for a color Iraurd 

including: applying a gamma 

„ a f irst ga^a ^compensation 

compensation to a digital video red a , J ^ & 

.eluding a first ^ image for an input image 

finance c.aracterrst.c compen satin g a vrdeo 

finance and a second ga^a compensation sffiittance 

. to b e suitable to a rea 

» r„^j::..»"-™" T :::;:::;":::::r. 

- . „.„,«.» ... 

25 a blue characterise ana 

Signa1 '' section for applying a gamma 

a second gam^a compensate 

diaital video green signal, 
compensation to a y an «, a tion of voluntarily 

^ • ^ * first gamma compensation or 
compensation including a first g 
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v^racteristic of a reproduced image for an 
aiving a luminance characteristic 

np ut image Xuminance and a second ga^a 
MP e n5 a tl , the video green signai to be surtabXe o a 
transmittance c^aote.st, for an appXied voW of * c 
Uguid costal dispXay, the second gamma compensate rncXudxng 

of executing a compensation 
a sec ond gamma sXight compensation of executr g 
caused by a difference among the red c^acte.st.c, the green 
Uracteltxc and the bXue characteristic and for outputs a 
compensated video green signai; 

a third ,a-a compensating section for appXyrng a 
compensation to a digitaX video bXue signai the gam™ 
compensation inciuding a first ga»a compensation 
giv ing a Xuminance characteristic of a reproduced rmage for an 
9 anri a second gamma compensation of 

input image Xuminance and a secon 

caused by a difference among the red characterise, the gre 
20 lalcteristic and the bXue characteristic and for outputs a 
compensated video bXue signai, ^ 

a gradation power supply circuit y 
of red gradation voitages , a pXuraXitv of green gradation voXtage 
d a P XuraXity of bXue gradation voitages used to a PP X y a second 
tion caused by a simiiarity among the red 
25 gamma rough compensatxon caused the blue 

the are en characteristic and 

character second gamma 

and compensated bXue data mcXuded ,n 

v., t „ the red transmittance 
compensation making suxtabXe to the 
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• t c the green transmittal characteristic and the 

„ .„..«.« ««• - »• ~»- a a - . 
«. — — ™- 

of the color liquid crystal display. 

In the forgoing, a preferable mode is one .herein the 

ting section, the second compensating section 

:rr: :r. _» -» - — 
-r:^ "~ — . 

j the qreen data ana uie 

corresponding to the red data, g 

and the compensated red data, the compensa ted ^ ^ 
2b com pensated blue data are read using the red d , , 
an d the blue data as reference addresses so as 
i» order to apply the gamma compensation. 

» ^referable mode is one wherein the first 
Furthermore, a preleraoi „n„ n 
rHon the second gamma compensating section 
gamma compensating section, the 
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Hna sec tion independently apply the 
and th e third compensating ~_ ^ ^ „ 

gamma compensation m eac ^ ^ tra nsmittance 

. maximum transmittance of e.=* ° and a blu e 

• 4.-^ ^ areen transmittance cndi-a 
characterise, 9 r. vQltage Qf the col or 

transmittance characteristic 

Uqaid crystal display. ^ carry QUt 

an optimal gamma compensate - y ^ ^ ^ 

oi . color liguid crystal «^ ^ _ ^ « t . poss ible 
0 occurs in a specific color among red, g 

to remove the gradation batter. ^ 

.so, since the color liguid crys^ ^ ^ ^ ^ 

^ -compensated video red srg^ - P by 

signal and the compensated _ ^ ^ 

15 ind e P endently apply-, gamma <«^^ ^ signal so as 

signal, the video green signal and the v - ^ green 
to— to the red transmittance charact^ 

tran smittance ^^'J^ . to color lignid crystal 
cnaracterrst^c tor an PP ^ cQmpensatlOT 

20 display, it is po»xble 

£ully surtable to a ^ter^- ^ . _ nt n eed of a 
dlsP lay. -s, it - -- ^ °; ossi : ie tQ use a ooior ligui* 
high guality image. Mso _ characteris tic in 

crY stal display havrng hrg ^ concetnlng red, green 

25 „ h ich maximum luminance are very ^ a 

and b lue. furthermore, though t e ^- ^ ^ ^ 

specific color among red, green an d . lu , ^ ^ ^ 

-^T^^rZiirrllL the gradation batter of the 
therefore, it i& F w 
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specific color . ^ the gamffia 

Also , video ted signaI , the .ideo 

cessation can be applied to the to an area 

and the video blue signal corre y 
gr een signal and become ^ apptoximately similaE 

in which characteristic characterist ic, the green 

form in the red transmlttance transmltta nce 

stance characteristic and blue 
transmlttance „ ossib ie to reduce a circuit 

characteristic, therefore, it is possible 

SCalS ' h the first garc^a compensate section, the second 

compensating 

— — S6Ctl0n 2 ; h o Pensated red data, the 
section previous!, ;; he P compensated blue data 

compensated green data an 

compensated green data and 

da ta using the red data, the green data. then 
compensating section, the second gamma ^ ^ 
the third gamma compensating section app^e 
20 ref erence addresses and the ga»a compensation, 

to execute the ga^a compensation at higher speed. 

— 

in WhlCh; v. • „ a n electrical configuration 

Fig . 1 is a block diagram showing an elect 
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of a driving circuit ent ion- 

. tlr . t irrs-win, an e^ie os 

Fig . 2 1. a sciatic oompensatin g circuit in 

the driving circuit 

first embodiment; pxamp le of an electrical 

Fig . 3 is a Hoc* — - SX 7 ti circult in th e 

fprpnce voltage generating cir 

— ation °; olor u q »i d d — 0£ - — 

driving circuit for 

embodiment; m sh0 wing an example of 

„ i: :i;:r;:r;i::;r 

of the first embodiment, 
generating circuit oft relat ionshi P between 

Fig . 5 is a graph showing an example of are 

v a reference voltage V m and 
5 a reference voltage ' pnsa tion to a video red 

^ .nnivinq gamma compensation 

voltage v HR 

us ed for ap^~. which gaItma 

. , g and a compensated video red signal 
signal S,c and embo diment; 
compensation is applied . na an electrical configuration 

"'-•rrrr :":^.-»»— 

20 of a driving circuit 

. „f the present invention, 

a second embodiment of P ^ electrical 

Flg . 7 is a blo=K diagram showing an P ^ 
■ o£ a reference voltage generating circui 

driving circuit for tne 
25 embodiment; p] _ e ctrical configuration 

Fig . 8 is a bloc, diagram showing an elect 

• . t for a color liquid crystal dispi y 
of a driving circuit for a 

4- of the present invention, 
a third embodiment of an electrica l 

Fig . 9 is a bloc, diagram showing an examp 



, .radation power supply circuit and a data 
configuration of a grada- ^ ^ ^ 

electrode driving circuit for the ixq 

•4- r\-f the third embodiments- 
driving circuit of the relat ionshi P 
■ in is a graph showing an example of 
Fig. 10 a 9 rap in the d ata 

data of eight bits supplied to a DAC 
' between red data of 9 ^ 2 tQ red 

electrode driving circuit and red g gradati0 n 

n 4- « v and red gradation voltage V R9 to rea g 
gradation voltage V R8 and rea g 

in the third embodiment; 
voltage V R17 in tne electrical 
n is a block diagram showing an 
Fig * ■ .t for a color liquid crystal 

« driving circuit for a co-^ 
.0 configuration of a dnvi Mention; 
.... a fourth embodiment of tne v 
display according a tour elec trical 
p . 12 is a block diagram showing an 
Fl9 ' ■ ,, lit a gradation power supply 

configuration of a controlling circuit, 

circuit and a data electrode drying — ent ; 

15 crystal display in the driving circuit of the 
Fig . 13 is a graph showing an example 

* ^nh^bits, compensated green 
be tween compensated red data D B6 of eight bits P 

, • oht bits and compensated blue data D« of eig 
"""It o i rL data electrode driving circuit and 

SUPP to gradation voltage V. and gradation voltage 

?o qradation voltage v 0 to y 

14 . v in the fourth embodiment, 
V 9 to gradation voltage V 17 ,n the electrical 
, 4 is a block diagram showing an 
Fig ' • , for a color liquid crystal 

4-- r, nf a driving circuit for a coio 
configuration of a invention; 

a fifth embodiment of the presen 
display according a tirtn elec trical 
. n . is a block diagram showing an elec 
25 Fig- 15 is a electrode 

• nf a controlling circuit and a data 
configuration of a cent ^ 

in the driving circuit for the 
driving circuit m tne 

^■f the fifth embodiment; 



, 4. n of ten bits memorized 
D R of eight - compensated ^ f ^ enbodiment; 

in a ROM in the controlling circuit relations hi P 
. 17 is a graph showing an example of 
Fig ' 0 o£ ten bits, compensated green 

betu een compensated red data D» of te ^ 
n of ten bits and compensated blue data D BC 

DA C in the data eleotrode driving circuit and 
SUPpU8d "I ev to gradation voltage V. and gradation voltage 
g radation voltage v 0 1 g ^ odiment; 
V, to gradation voltage V„ xn th ^ 
Flg . 18 isagr a p h sho W rngane X ample ^f < 

red data 0, of eight bits supplied to a - ^ 
driv ing circuit in a driving circui - ^ 
displa y and red gradation "^ ^ 'J^ voltage v „ m 
V M and red gradation voltage v„ to 

„f tto third embodiment; 
a modification of the convention al example 

s Fig . i 9 abloc, diagram showing * ^ ^ . color 

of an electrical configuration of a 

liquid crystal display; „ c ond conventional example 

Fig . 20abloc*diagramshowingasecondc 

of an electrical configuration of a driving 

20 U9Uid . CrY ;:tst — ic blocK diagram showing an electrrcal 
Fxg. 21 is a sen rirc uit and a data 

^dation power supply circus 

electrode drivxng circuit 

conventual color liquid crystal display, tlc 

„ 22 is a graph showing an example of a 
Fig. 22 P crystal display; 

cur ve in the conventional color & ^ 

9-, is a graph showing an examp 
Fig. 23 is a y liquid crystal 

in th e conventional color i 
characteristic curve xn the 



display; and 
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Fig 24 is a graph showing another example <* a V-T 
characteristic curve in the c^U„ Ml color li^ crystal 
display. 

B est modes for c M ^ g out the P-sent mention will - 
descrihed in detail using various embodiments with 

reference to the accompanying drawings. 

. e , is a block diagram showing an electrical 
Figure 1 circuit 

, 41 ^.y.p nresent invention. In tig- 
a first embodiment of the preset 

crystal display 1 i. a U„ crystal display o f ar , ac iv 

tft (Thin Film Transistor) as a 
matrix driving type using a TFT (Thin 

switching element. 

^-f t-he color liquid crystal display 
} The driving circuit of the colo 4 

■ +- 9 -t-n clamp circuit 2 3 , a 
ls mainly provided with clamp circuit 2, to 

rs marniy P . . rrIlit 22 , gamma compensating 

re f erence voltage generating circuit 2 ing 
circuit 21, to gamma compensating circuit 2!,, pola y 
circuit^! a , video amplifier -6, 

circuit 5l to polarity inverting circuit 5 „ 
, 5 to vid eo amplifier 6„ a timing generating circuit 
electrode driving circuit 8 and a scanning electrode 

Lit 9 . That is, the reference voltage generating circuit 22 

. ■ „ circuit 21, to gam^a compensating circuit 
and gam^a compensating circuit 

21 3 are provided instead of the 



26 



- • r,« r^-i rcuit 4, to gamma compensating 
circuits, and gamma compensating circuit , 

■rcuit 4 in a conventional example shown in 

, • circuit 21, to gamma compensating circuit 
NQamma compensating circuit zi, 
\ i, = reference voltage v mf <* 

* reference voltage V LR , a reteren 
21„ ba^d a referenc refe rence voltage 

\oltaaeV , a reference voltage V 1G , a referen 
reference Wltage v HR , .reference 

\ itaae V , a reference voltage V LB , a referen 
w a rpfprence voltage v HG , » 

V MG , a referertc supplie d from the reference 

w anri\ reference voltage v HB bupy 
voltage V. and a.ref compen sation to the 

voltage g ener.tiWc»xt 22, apply g ^ 

0 signal S» c independent^ o, to g ^ ^ 

V - — ^ X 1 nation, it i- ass- that 

an d the video blue — \ diment includes a gam a 

t he gam,a compensate ,n g _ a compe nsation, ,or 

compensation .hereunder, called^ J ^ & 

l5 giving a luminance charact errstr P ^ 

finance of an input image voluntar^ a g 

„ tda second gamma co»pensW) suitable to 

Here Fig. 2 shows an example ot an 
20 HerS ' 9 . it 21 Th e gamma compensating 

of the gamma compensating circuit 21,. 

Louit 21, is mainlv provided with di f £ erential circuit 23 
:; £e rential circuit 23„ a. voltage flower 2, and a resistor 

25 ' . „ is mainly provided with a 

The differential circuit 23, is 
25 The aui« , ± app iied to a 

"ansistor 01 in which the - » ^ 

- a setting voltage v. i. ^ of 
resist or 2, and the collector . — ^ 
a transistor Q3 and a transistor Q5 
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t, a constant current source XI throu g h a resistor *X 
transistor 02 in which the reference volta g e V» is applred to 
a base , a power supply volta.e V cc is applied to a collector, an 
em rtter is connected to the constant current source XI through 
. resistor K2 . Similarly, a differential circuit „, is 
provided with the transistor 05 in which the video red si g nal S B 

coll ector throu g h the resistor 25 and the coliector is connected 
t0 each collector or the transistor 01 and the transistor 03 and 
an emrtter is connected to a constant current source X3 throu 
a resistor K3 and a transistor 04 in which the reference volta.e 
V R is applied toabase, the power supply volta.e the V„ is applie 
oa collector, an emitter is connected to the constant curren 
SO urce X 2 through a resistor M . Similarly, a differential circurt 
2 3 2 is mainly P^ded with the transistor 03 in which the vrdeo 
red si g nal S. is applied to a base, the settin g volta g e V. rs 
applied to a collector throu 9 h the resistor 25 and the collector 
is connected to each collector of the transistor 01 and th 
transistor 0, and an emitter is connected to a constant curren 
, source 13 through a resistor R 5 and the transistor 06 » whr 
the reference volta g e V„ B is applied to a base, the power supply 
v olta g e the V sc is applied to a collector, an emitter is connected 
to the constant current source X3 throu g h a resistor KS. -rthe 
each of the collectors of the transistor 01, the transistor 0 
. 5 and the transistor 05 is connected to an input terminal of 
^ v olta g e follower 24. ™e volta g e follower 2, applies buffer to 
the video red si 9 nal S. which is compensated and outputs 

Th e reference voltage g eneratin g circuit 22 (Fi g . 1, , based 



. , e a control signal S c2 , a control signal 
on a control signal S cl , a contro y , <= a rpn 

= n supplied from a CPU 
S and a reference voltage change data D RV su PP 
I!, Processing «*t, not shown, generates - reference 
Alf; , ap v the reference voltage V HR , 
voltage V LR , the reference voltage V m , t 

„ aeV the reference voltage V„, the reference 
5 the reference voltage V LG , the 

3 1+ . a „ p v the reference voltage 

voltage V HG , the reference voltage V 1B , 

! „n P V used for gamma compensating the video 
and the reference voltage V HB usea y 

• a1 e and the video blue signal 
red signal S RC , the video green signal Sgc and 

red signa ^^ aes to gamma compensating 

S BC and supplies these reference voltages g 
0 circuit 21, to gatruna compensating circuit 21,. 

NeX t, F ig. 3 is an example- of an electric configuration of 
the reference voltage generating circuit 22. T he refere nee 
vol tage generating circuit 22 is main, provided with a - 

oc =,HHpr 27, to adder 2/ 9 ana 
a reference voltage supply source 26, adder 27, 

15 switch 28, to switch 28 9 . 

The 0,0 25 converts the reference voltage change data D 
supP lied fro, the CPU ( not shown, into analog change voltage V 
analog voltage V s and then respectively supplies analog chang 

20 r nals of adder 2, to adder 27,. Th e reference voltage supply 
sout ce 2S is configured b y connects in parallel a parr of 
resistor ,11 and a resistor ,12 lengthwise connected P r 
a resistor ,13 and a resistor R14 lengthwise connected, par 
/a resistor ,15 and a resistor ,16 lengthwise connected a parr 
25 of a resistor ,17 and a resistor ,18 lengthwise connected . 
o£ a resistor M 9 and a resistor ,20 lengthwrse connec , 
of a resistor K21 and a resistor 22 lengthwise connected, parr 
resistor ,23 and a resistor ,2, lengthwise connected a parr 
of . resistor ,25 and a resistor ,26 lengthwise connected, 



. pa,, of a resistor H27 an, a resistor K2B lengthwise connected 

;;;; ^ ^ , 

1 g Lnd. getting at — 

pairs of resistors in parallel are respectively supplied to 

• 1S oftneadder27 1 throu gh tne 27 9 asafixedreference 
input terminals of the adder a fixed reference 

a fixed reference voltage V MRF , a fixed 
voltage V LRF , a fixed reference 

a fixed reference voltage V LGF , a fixed 
voltage V HRF , a fixed reference 

a fixed reference voltage V HGF , a fixed 
voltage V MGF , a fixed reference 

v a fixed reference voltage V MBF , a fixed 
voltage V 1BF , a fixed selection 
3 voltage V HBF and are respectively applied to 

voltage V, to analog change voltage V, supplied — 

I-na first input terminals Ta to the fixed reference 
corresponding first mp reference 
„„ pV th e fixed reference voltage V„», the fixed 
L5 voltage V„„, the the fixed reference 

the fixed reference voltage V«„ the nxe 
voltage V„„, the fixed refer ence 
voltage V„, the fixed reference voltage V HO „ the fixe 
voltage v.. to the fixed reference voltage v.. - 
reference voltage V B „ and respectively appl, an addi ^ 
20 (V +Vl) , an addition result ( V M+ V 2 , , an addition result ,v + V,, 
(V +v 4 ); an addition result (V mgf tv 5 , 
=n addition result tv LGF Tv 4 ; , 

an additio QClllT - (V +V 7 ) , an addition 

,« +v ) , an addition result (v lbf tv 7 ; , 
addition result (V hgf tv 6 > , cm 

aaQ1 14 . , v +v ) (which are not 

result ( V„ + V.> and an addition result (V„„ + V C 

shown, to second selection terminals T h of switch 2 8, 
25 28s so as to ,e corresponded. conf juration 

Next Fig. 4 shows an example of an electri 
of th e adder », The adder ^ is manly provided with a variable 
• tor R31 to resistor R36 having a same 
resistor VR1, resistor t ^ 

resistance value and an operational amplifier 



en ilj™-.— 

^7*"— 

— ,b -;i;:: : r,r «... . — 

Each of switch 28, to switch 28 9 is sw 
, Eacn oi selection 

• al tc to the first selection terminal Ta 

terminal Tc to signal ^ 

• =i Th based on a control signal b cl , 

termnal , s supplied fro, tne CPU <no t s h own, and supply 

or . contro! S CS supp^ ^ ^^^^^ ^ 

^>,o fi«Pd reference voltage v LRF , 

^ 1 , ae v the fixed reference voltage V LGF , 

n fhp fixed reference voltage V HRF , tne 

■° ltaae V the fixed reference voltage V HGF , 

fixed reference voltage v MGF , 
the v the fixed reference voltage 

the fixed reference voltage V LBF , the 

n v or the addition result (V^+VJ , 
and the fixed reference voltage 

llt (V +V,), the addition result (V HRF +V 3 ) , 
the addition result (V^), 

_ (V + v), the addition result (V MGF+ V 5 ) , 
15 addition result (V LGF +V 4 ) , 

cmt (V +V 6 ), the addition result (V LBF +v 7 , 
addition result (V HGF +v 6 , , 

,mt (V +V 8 ) and the addition result (V HBF+ V 9 ) 
addition result (V w +V,) the reference voltage 

are not shown, as the reference voltage ' the 

,^ ne V the reference voltage V LG , the 
thP reference voltage v HR , tue 
Vmr, the rere ^^ np V , the reference 

Uflnp v the reference voltage v HG , 
20 reference voltage V MG , refer ence voltage 

voltage V LB , the reference voltage V, 

Vhb to ga^a compensating circuit 21, to gam^a compensati 

2l3 ' , , will be given of operations of gamma 

Next, explanations will be gi 

• circuit 21 X to gamma compensating circuit 21, 
25 compensating circuit 21 x ^ 
the reference voltage generating reference circui 

1 with reference to Fig. 5. 
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,t _ n f a relationship 

Figure 5 is a graph showing an example of 

Terence voltage V„, the reference -tage - 
hetween the refer ^ ^ compensation 

the reference volt V ^ ^ ^ 

to the video red signal S a J ^ 
5 S„. First, the reference voltage v„ the re£e rence 

n \ n f t-he video red signal s» c , 
value (a black level) of the via 

v is set near a maximum voltage value (a white 

ce voltage v „ 15 set 

o£ th e video red signal S EC and partiC ular, 

0 f the video red signal b RC . j. f 
at a half-tone (gray, ^ ^ ^ color 

+-v^^ rpfprence voltage v HR , j-^ 

10 COnCeining ^ 7 lay , ha5 a v-T characteristic shown in Fig- 
liq uid crystal display 1 has a 

t the reference voltage V„, is set to 
22 lCUIVe omittance T maximum luminance, instead of 

obtain a maximum " ^ ^ ^ 

- V ° f the — r;;;;; - T characteristic shown in Fig. 

15 uquid cry :; al t it i z ^ - - « , w so as to 

24 (curve a) , tne rej-ei- 

C m^tance T (maximum luminance), 
obtain a maximum transmittance 

V j iVaddition, the reference voltage V ls , tn 
tt^uH X voltage V. for applying the gamma 

POv^and >*e reference voltage ^ the reference 

\n,atioXo the video green signal ^ and 

20 "^rX- — * v » and the re£erence voita9e 

' t ^L» compensation to the video green signal 

V HB for applying the 9 W cop luminanc e (a minimum 

3 are set so that an aWom a minimum luminance 

, to a maximuXansmittance of a corresponding V-T 
transmittance, to a max ^ ^ ^ ^ 

25 characteristic can be fully use"^! characte r is tic 

■ as shown " n~ te o,aX- — 

to approximate 1.0V in \ 1 7V of the 

_ maximum luminance, instead of approxW 



c \en— voltage, and «- ^ — ^ ^ 

St V-T characteristic as shown in F ig . - — b> th 
>»Cltage V s is set to approximate 1 . BV in order to obtain 

1 TZit anoe (. maximum — ' ^ ^ ' 

a maximum trartsmittance display 1 

• n ,„ for exVe, when the color liquid crystal display 

5 SimllarlY ' c !S4c to shown in 2 2 «=—.«. the 

has a V . T — te " S X m oxifflate , H1I order to obtain 

K -erence voltage v»iSse^a P P ^ ^ 

maximum transmittance maxrmu 
X ■ ma te 1 ™ of the conventional voltage , and when the 
' approximate 1.™ o JL^eristic to shown in Fig. 

» Uguid crystal display ^ has a ^ 
24 (cu rve c, , reference 
in order to obtain a maximum transmittal^ 

a peak point) . rharac terized in that each 

in brief, the first embodiment is character 

a red v-T characteristic, a green v-T 
» dlf£erenCe rZ IZ V- characteristic in the color liquid 

crystal display o1 . aae v the reference 

h 3 a P V , the reference voltage v HR , ^ 
the reference voltage v^, tue 

the reference voltage V HG , 
v the reference voltage V MG , tne 

ltage v the reference voltage V„ and the 
20 the reference voltage V„, 

\t arp set SO that a "uyc 

reference voltage V BB se charact eristic can 

luminance to a minimum luminance of each 

be fully used. , • 

JL. ~ example, when a non-active control srgna 
„ f om the CPO (not shown), the common terminals 
25 supplied from the connect ed to the first 

suitch 28l to switch 2 8 S shown in re ference voltage 

sel ection terminals ~ ^ ^ ^ fixed Terence 
V L „, the fixed reference voltage V. and ' ^ 
voltage V„„ supplied from the reference voltage 
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15 




25 



are directl, supplied to the gamma compensating circuit 21 
in Fig- 1 as the reference voltage V LR , the reference voltage V,, 
nltacre V With this operation, the gamma 
and the reference voltage V HR . wit, 

. ^ f^ci- aamma compensation and tne 
compensation including the first gamm 

-, • ^ 4-^ -t-hp video red signal b RC 
second gamma compensation is applied to the 

= v the reference voltage V„ and 
based on the reference voltage V„, the 

U>M v in the gamma compensating circuit 21, 
the reference voltage V m in t g 

independently of the video green signal S„ 

signal S.. and thereby a gradient is given. Then, the video 

signal S RC is output as a video red signal s«. 

In addition, Please refer to .apanese Patent plication 
Lai d-open »o. Hei 6-205340 disclosing details of the operation 
of the gamma compensating circuit 21,. 

Hmilarly, for example, when a non-active control signal S 
is supX - the CPU .not shown, , the co^on terminals Tc o 

switch 28 V h ShWn ^ ^ 3 a " COmeCt ta 
selection tXals Ta, therefore, the fixed reference voltage 

V the fixed \erence voltage V M6I and the fixed reference 
vlage V„ r suppli^ - Terence voltage supply s^rce 2 
are directly supplied X- ga-a compensating circuit 21, shown 
in rig. 1 as the ref erencXoltage V 1S , the reference voltage V» s 
J\ with this operation, the gamma 
and the reference voltage V HG \With tn 

compensation including the fi\ga- compensation and the 
second ga^a compensation is appli\to the video red signal SO 
based on the reference voltage v„, thWence voltage V and 
th e reference voltage v. in the ga^a cVensating circuit 21 

. i c ^nd\he video blue signal 
independently of the video red signal S, c and *he 

mi~ ^ t-ho \ideo areen signal 
Sbc , and thereby a gradient is given. Then, the ^deo g 

Ssc is output as a video green signal S«. 
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SimiXarXy, for exampXe, when a non-active control signaX S 
is suppXred from the CPU (not shown, , the com.cn terminaXs ,c o 
s „itch 2 S, to switch 28, shown in F ig. 3 are connected to t h e frrst 
«- -n.TTa therefore, the fixed reference voltage V LBF , 
selection terminal Ta, thereio , 

the fixed reference voltage V„ r and t h e fixed reference -a, 
v suppXied from the reference vo^aoe suppXy source are 
dlrectXy supplied to the gamma compensating circuit 21, shown rn 

n- a ^ v the reference voltage and 
via 1 as the reference voltage V LB/ tne re 

the ' reference voltage v.. With this operation, the ga^a 
0 sensation including the first garn^a compensation and t e 

i ■ the video blue signal b BC 

second gamma compensation rs applied to 

b ased on the reference voltage v„. the reference voltage V and 
the reference voXtage V ra in the ga^a compensating circuit 21 
, ■ iq and the video green signal 
independently of the video red signal S RC and 

• Then the video blue signal 

L5 Sgc , and thereby a gradient is given. Then, the 

S is output. as a video blue signal S BG . 

" ,s another case, for example, .hen an active controX srgnal 
S and a reference voXtage change data D „ are suppXied from the 

fh» reference voXtage change 
CPU (not shown) , the DKC 25 converts the refere 

20 data „ into anaxog change voXtage . to ^ 

and suppXies to respective input termrnal of adder 
27 with this operation, each of adder ^ to adder 27, adds each 
of the fixed reference voXtage v„. the fixed reference voXtage 
v th e fixed reference voXtage V H „ suppXied to the correspond^ 
25 .It input terminal to each of change voXtage V, to change voXtage 
V, suppXied to the corresponding second input terminal and appire 

n- fv +V ) the addition result (V IiIRF +v 2 ) 
each of the addition result (V LRF +V X ) , tne 

llt (V + V ) , to each of the second selection 
and the addition result (V HRF +v 3 ) , 

■ 4_ v, 9 ft Further, since the common 
terminals Tb of switch 28, to switch 28 3 . Furthe 
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. . r. 9ft are connected to the second 
terminal Tc of switch 28, to switch 28 3 are co 

termxnax the addition 

selection terminal To, the addition result (V LRF V t ) 

. • QCll1 t (v +V,) are supplied to 
result (V„ + v,) and the addrtron result (V H „ ,) 

■4- 01 fl q the reference voltage v LR , 
the gamma compensating cxrcuxt 21, as 

^ a „P V and the reference voltage V HR . With thxs 
s the reference voltage ana tue 

operation, the gamma compensation including the ^ 
compensation and the second gamma compensation rs «U- - * 
vid eo red signal S„ in the gamma compensating crrcurt 2 > e 
on th e reference voltage V„, the reference volta g e V», 
10 reference voltage v. which are f inel, justed in order to change 

-i-v,o rpfprence voltage 
signal S EO for the reference voltage V LR , the refere 
„ the reference voltage V m independent!, of the video gree 

15 iven -n, the video red signal S K is output as a video red 



signal S RG . . . „,7 n 

^ ^ilarlv, for example, when an active control s.gnal S 
4J a 3Lence voltage change data are supplied from 
,ot show^l « 2 , coverts the reference voltage „ , ^ 
20 0 into analXnge voltage V, to analog change voltage V and 
Ipplies them X-e input termrnals of adder ^ to adde 
27 With this operalXeach of adder 27, to adder „. adds each 
>W V the fixed reference voltage 
of the fixed reference volW V 1GF , 

v and the fixed ref ere«\voltage V HGF supplied to the 
MGF V tn each of change voltage V 4 

25 corresponding first input termn^to each 9 

i • P H to thXpr re spending second xnput 
to change voltage V 6 supplxed to the T^r 

v, f rtP addition result (V LGF +V 4 ) , the 
terminal and applies each of the addxtx*n 

. x Jn i+- (v +V-) to each 

addition result ( V« + V 5 ) and the addrtron reW (V B „ ., 
o£ the second selection terminals Tb of switch to swrtch 28.. 
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• 9ft to switch 28 6 
Tr of switch Zb 4 ^ 

a \connected to the second selec ^ 

V ,v wl the addition result (V^+v,) 
— \ ,V - +V<) ' to the aamma compensating crrcurt 21, 

A* " e SUPP the reference voltage V. and the 

5 " ^ "V ^-^-ation, ^compensation 
reference voltage v HS . second gamma 

1W gamma compensation and the 
include the ^ 9 hevldeogreen signals, in the gamma 

compensation rs " ^ ^ reference v oltage V LS , the 

\ compensating circuit h are f . nely 

,7 a rXthe reference voltage hg 
10 reference voltage V a 

adj ustedinordertoacha^ ^ ^ ^ 

of the video red srgna * ^ ^ indepe ndenti y 

ref erence voltage v. «d \" ^ ^ ^ and thereby 

of the video red signal s« X- ^ Qutput 

15 a gradient is given. Then, the viWee 

as a video green signal S«. \ signal S c3 

- — ' a re lupPlied from the CPU 

and a reference voltage change da - change data 

(not shown, , the D ,C 2S conv «- ^ ^ ^ ^ ^ 

20 D> , in to analog change voltage ^ ^ ^ 
supP lies to respective input ^ ^ ^ ^ ^ _ Qf 

With this operation, eac ^ refere nce voltage V» s 

the fixed reference voltage V 1Br , corr es P onding 

Terence voltage V„„ supplied to tn 

and the fixed reference v voltage 

25 £irst in put terminal to each of change - ^ ^ 

V, supplied to the corresponding _ ^ 

each of the addition resul ,v ^ ^ ^ 

and the addition result (V„ , 
terminals Tf of switch 28, to switch 28,. Fu 
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■ tch 28 to switch 28 8 are connected to the second 
terminals Tc of swrtch ZB, addition 
se—te^s., theaddiUon, ^ CV , ^ 

_lt <WV S , and the ^ ^ _ voltage v„, 

the gar^a compensate ^ ^ this 

operation, the ga^a compensate ^ ^ 
compensation and the second compensa PP fcased 

• »i s in the gamma compensatxng crrcu 
vid eo blue srgnal S BC ^ and the 

on the reference voltage v», ^ ^ 

a change quantity (mclrne, refere nce voltage v m 

si gnal S„ to the reference voltage , ^ ^ 

, 7n i taae v HR independently ot tne 
and the reference voltage and thereby a g radient is given. 

Sre and the video green srgnal S«, ^ 
. nr , a1 q is output as a vxuc 
15 Then, the video blue signal S K 

S «- . fhP first embodiment, in gamma 

As above described, rn the 

. „„ lt 21 to gamma compensatrng crrcuxt „ 
compensating crrcurt 21, fc , nimum lumi nance of each of 

ra nge from a maximum luminance t mr ^ and t he 

ful ly considered, th g ^ and the 

to the „ideo red s.gna . , * ^ _ ^ ^ 

video blue sxgnal S BC reference 
« v the reference voltage 
25 reference voltage V m , refer ence voltage V HG , 

„ the reference voltage V MG , the 
voltage V 1G , the rerex v a nd the 

_ 7 the reference voltage Vmb 
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obtained. fcs a result, xt P availa ble to 

:-is:zrr-. 

o£ a high transmittal shown in Frg. 24. 

-::;r,::::; 
i::;r::;iL.^-» :::: r;r,r. 

„.«.. ~— »••- ; " t i :«,.„„, 

, llanH t v, e active control signal S cl to tne re 
the blac, level, and the act ^ ^ 

voltage generating circurt 22 , and 
can be removed. 

.5 

^e^ojioL_ElQb^djLmervt 

-f second embodiment 

Next, explanations will be grven of the 

according to the present invention. 

fi is a block diagram showrng an 
Fl9Ure . it £or the color liquid crystal 

configuration of a driving crrcurt for t 

■ , i according to the second embodiment of P 
drsplay 1 accordrng cotres ponding 
invention. In Fig. 6, same numerals 9 

t in Fig 1 and the explanations thereof are omrtted. 

■ t f0 r the color liguid crystal display 1 shown 
25 In the driving crrcurt f or the ^ 

- Fi9 ' " A r nce voltage generating crrcuit 31 is 

22 shown m Fig. 1, a :ei 

PrOVi rgure , rs a bloc, diagram showing one example of an 
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electrical configuration of the reference voltage generating 
circuit 31. m Fig. 7, same numerals are given to corresponding 
parts in Fig. 3 ana the explanations thereof are omitted. In the 

reference voltage generating circuit 31 shown in Fig. 7, instead 
5 of the DAC 25 and the reference voltage supply source 26 shown 

in Fig. 3, a DAC 32 and a reference voltage supply source 33 are 

provided. 

The DAC 32 converts a reference voltage change data D„ 
supplied from a CPU (not shown, into an analog change voltage v 1( 
10 an analog change voltage v„ an analog change voltage V„ an analog 
change voltage V 5 , an analog change voltage v., an analog change 
voltage v. and an analog change voltage V, and supplies the, to 
respective first input terminals of an adder 27,, an adder 27 2 , 
an adder 27 3 , an adder 27 5 , an adder 27«, an adder 27, and an adder 
15 21 In the ref erence voltage supply source 33, an resistor R17 
and an resistor R18 lengthwise connected and an resistor R23 and 
an resistor R24 lengthwise connected are removed from the 
reference voltage supply source 26 shown in Fig. 3. Seven voltages 
aerating at connection pornts of seven pairs of resistors 
20 lengthwise connected are respectively supplied to second input 

_ f i X ed reference voltage V mF , a fixed 
reference voltage V LF , a tixea 

_ f i X ed reference voltage V MGF , a fixed 
reference voltage V HRF , a tixea 

a fixed reference voltage V MBF , a fixed 
reference voltage V HGF , a tixea 

and are applied to respective first 
reference voltage V HBF ana are a FF 

■ oq 3 switch 28,, a switch 
selection terminals Ta of a swxtch 28 1( a swrtc 

Further, in the reference voltage generating circuit 31 
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,.. r 97 and an switch 28 4 
n *n adder 27 4 and an adder 2 1, anu 
shown in 7. an adde , ^ ^ ^ ^ 

^- itC ^r 0 Z Z .not shown, to «- — 28, 

is high — - teristic in the color liquid 

dlf f erence in a range 

crys tai display i, — , the re rs 

, inwhichthe ;;; o ; compensatlon IM «» 

video red s.gna IS. ,9 ^ ^ signal Sbc 

Sac and ga^a -pe-atxon for 

responding to ran. in «« » = 

. 5 . sim iiar ga^a conation ^ ^ ^ 

S RC , the video green srgnal S. and assumed that 

a reference voitage v.. » add., on ^ » 

■ r, the second embodiment includes a 
gamma compensation m the secon 

a «H a second gamma compensation, 
compensation and a secon 

Further operations are similar to those 

Icept the gam^a compensation using the common 
e " Tie V, therefore, explanations thereof are 



reference voltage V L , 
omitted. 
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„„, „. „ «. ...... 

therefore, a circuit scale f 
ob tained fro, the configuration according 



embodiment . 

. 11hp aive n of the third embodiment of 
Next, explanations will be given 

the present invention. n ra l 

th e third e^odieent of tne present rnventron. In a 
num erals are given to correspond parts rn .rc, 20 
emanations hereof are o^e. ^ 
in the driving circuit for the cox 

„:»,,.——•'-"";: 

, n Fia 20, a controlling circuit 4i, y 
shown m Fig- 

supply circuit « and a data electrode driving c.rcurt 

Pr ° Vided - . it 41 is for example, an MIC, and 

The controlling cxrcurt 41 is, 

■ rr rrr^.— -- 
nulse POL for alternately driving a horizontal 

5 I supplv - polarrt, inverting pulse to the da t a ^ 

• fllor t r ode driving circuit lh . 
, ■ nna circuit 43 and a scanning electrode a 

driving circuit 40 Har ^n v a nplies gamma 

Fu rther, the controlling circuit « -»^' ^ ^ _ 
com p e nsation to the red data o the gre » ~- . ^ 

data D B , and thereby supplies red gradation 



10 

nume 
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gradation voltage data D.. and blue gradation voltage data D GB to 
the gradation power supply circuit 42. In addition, it is assumed 
that the gamma compensation in the third embodiment includes a 
first gamma compensation and a second gamma compensation. 
5 The gradation power supply circuit 42, as shown in Fig. -9, 

is mainly provided with a DAC 44„ a DAC 44 2 and a DAC 44 3 and voltage 
follower 45, to voltage follower 4 5 54 . The DAC 44, converts the 
red gradation voltage data D GR supplied from the controlling 
circuit 41 into analog red gradation voltage V R0 to analog red 
10 gradation voltage V R17 and supplies them to voltage follower 45, 
to voltage follower 45 18 . Similarly, the DAC 44 2 converts the green 
gradation voltage data Dgg supplied from the controlling circuit 
41 into analog green gradation voltage V G0 to analog green 
gradation voltage V G17 and supplies them to voltage follower 45 19 
15 to voltage follower 45 36 . The DAC 44 3 converts the blue gradation 
oltage data D GB supplied from the controlling circuit 41 into 
alog blue gradation voltage V B0 to analog blue gradation voltage 
V B17 and supplies them to voltage follower 4 5 37 to voltage follower 
45 54 . Voltage follower 45, to voltage follower 45 54 applies buffer 
to red gradation voltage V R0 to red gradation voltage V R17 , green 
gradation voltage V G0 to green gradation voltage V G17 and blue 
gradation voltage V B0 to blue gradation voltage V B17 for the gamma 
compensation and supplies them to the data electrode driving 
circuit 43. 

The data electrode drive circuit 43, as shown in Fig. 9, is 
mainly provided with a MPX 46„ a MPX 46 2 and a MPX 46 3 , a DAC 47, 
of eight bits, a DAC 47 2 of eight bits and a DAC 47 3 of eight bits 
and voltage follower 48, to voltage follower 48 384 . In addition, 
in a real data electrode driving circuit, a shift register, a data 



vol 
anal 
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latch a le vel shifter and a like are provided at a 

relat ions*iP between 

^-f ^ dac however, there i& 
front step of a DAC, eleme nts and 

features of the present invention and 

■ therefore, explanations thereof are omitted, 

operates, therefore, gradatio n voltage V„ to 

* n tiHhhe MPX 46, switches a group of red gra 

^TlLn voltage v. over a group of red gradation voltage 

rj Xadation voltage v„ in ~> — — 

A itaaev supplied from the gradation power supply 
red gradationwoltage V», supp suppl ied from 

■ • , 42 bas\on the polarity invertrng pulse POL supp 
circuit 42 bases o n r qroups to 

, i ■ „Arcuit 41 and supplies any one of the g 
10 the controlling c^cu & ^ ^ ^ 

the C ,C „, S«lW - ^^^^ _ a group 

gra dation voltage J voltage v„ i- - 

of red gradation voltag^V., to 3UPP iied from 

■ „ ltMe V to V gradation voltage V sl , supplie 
gra dation voltage V M V ^ ^ 

15 the gradation power suppl^rcuit 

verting pulse POL ^^^T^ «, — 

supplies any one of the groups toW« ^ 
. group of blue gradation ^^^^^^ 

«-f bine aradation voltage v B9 lu 
v over a group of blue gi^ua ^ 

■ .i^aeVXoblue gradation voltage 
w i ti blue aradation voltage v M vu 
20 voltage V B17 in blue gr it 42 based on 

v m supplied from the gradation power supWc. 
the polarity inverting pulse POL. sup 1 e d ^ ^ ^ 

circuit 41 and supplies any one of the gro p^ 

Th e DAC 47,, based on the group of red gradation voltage V M 
' v 0 r the group of red gradation voltage 

25 to red gradation voltage v. the g P compensatlo n 

clrcuit 41 so as to give a r di ^ 
the red data D. into an analog data red 
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Itage follower 48, to voltage 
the analog data red signal to vo ^ relatio nship 

v-ia 10 shows an exampx 
foll ower 48 S1! . Here, Fx,. hexadecim al number 

between «- r- o. Un - » ^ ^ ^ 

o£ eight bit, supplied to the ^ vQitage Vm fco 

re d gradation voltage V m . ^ ^ £irst gaItma 

to apply ga^a ^> compensatlo n to the red data 

— - — ndthes ;r r:i-- 

* - - " 9lVe 8 9ia t I red gradation voltage V. or the group 
l0 gradation voltage V M ^ ^ whlc n 

of re d gradation voltage V B ^ ^ ^ ^ 

has a nonlinear voltage value rs een grada tion 

Similarly, The « based on * ^ ^ 

HaHon voltage V G8 or y 
voltage V. to green *»*"^ voltage v „. applies the 

15 g radation voltage v. to green grada^ ^ ^ ^ ^ 

g amma compensation to the gree ^ ^ ^ ^ ^ ^ 

from tne controlling crrcur ^ green 

t he qreen data u G j-h 
green data D.. converts g . tQ voltage 

r^inps the analog aata y 
signal and then supplies houever , ±n 

Ua(TP follower 4b 256 - lNU 
20 follower 48 1!8 to voltage ^ ^ gaItma 

ord er to apply tne ga^a compensatx ^ 
compensation and the second comp ^ ^ ^ 

D= so as to give a gradient to the ^ dat^ ^ ^ ^ ^ 
gr adation voltage V. to green g ^ 
25 of green gradation voltage V„ ^ ^ ^ ^ ^ 

wh ich has a ---^ 9 ; a i; d on the g rouP o £ blue gradation 

slm ilarly, The 0,- ^ or tM group of bl 

voltage v M to blue gradatr ^ the 

g radation voltage V M to blue gradatxon 
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* • on to the blue data D e o f eight bits supplied 
gam a compensation to ^ ^ blue data 

- — - ; I 0 IT! analog data blue signal and 

D> , converts the blue data * f ^ 

th en supplies t h e analog data blue signalt ^ 
Afi Not shown, however, i» ^ 
, t0 voltage follower 48 - oomp ensation and 

15 to corresponding data eie 
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ilSPlay . wil l be given of operations of the 

Next, explanations will 9 

. it - 4 l the gradation power supply "rcuit 
controlling circuit 41 th g ^ ^ ^ 

th e data electrode driving circuit ^ ^ ^ 

pteS ent invention in operations of the 

liquid crystal display 1. data DR 

First , the controlling circuit ,1 data 
of eight bits, the green data „ of eight bi ts d 
* of eight bits supplied from the ^ _ _ 
dr i.ing circuit 43 and supplies the r g ^ 
DsR , the green gradation voltage data 0 ^ a ^ 

vol tage data 0„ which are »^ „ _ mum 

° f «" V " T Cha " Cte "r;: e!n Id blue in the color Irguid 
luminance for each of red, green 
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crys tal display 1 to the gradation power supply circuit «- 

g radation po„er supply circuit « ^^.tt." 

„ ,- a n the green g radation voltage data D,. 
gradation voltage data D„, the gr f£er 

and the b iue gr a datlon voltage data r,.. and then a pplres 

these data and supplies the, to the data electrode drrvrng 
11 ,3 .s red gradation voltage v. to red gradation voltage 
, v to areen gradation voltage V G17 

v areen gradation voltage V G0 to green g 
all le nation voltage V M to flue gradation voltage V 

.ccordingly, the data electrode driving crrcurt 
on the group of red gradation voltage V„ to red gradatron voltage 
or the group of red gradatron voltage v. to red gradatron 
Iltage v„. «- group of green gradation voltage v. « the^re 

j= _ rppn aradation voltage v G9 
gradation voltage V. or the group ^ ^ _ ^ 

irl 9r t-V: d lloltage . or the group o f hlue 
;r t irL g e to blue gradatron — 
gaim a compensation to the red data D. of erght »r , 

to gi ve gradient to these data and analog-converts th data r 

1 lies these signals to the corresponding data electrodes rn the 
color liguid crystal display 1 after applying buffer. 
A s above descried, according to the third 

■ effects of the first embodiment can be 

^""r 6 !; 1 :; - -lal ^frguration, « - 

25 ° btai :; ' to ive a gradient by applying an optrmal ga^a 

to ^ . ~ — - - z 

■ 4--^ r.f a hiah transmittance . 
a v-T characteristic of a nign 
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to g 

20 
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the gradation voua, data ^ y> tQ the 

gradation voltage (any one 

w , ror responding to a coioi a 
gr adation voltage V„) =o»e 

and near blacK level, to * 
and thereby the gradation batter 

j^rj^Bnito^dimant 

o 

of t he pr esent —on.^ ^ ^ ^ . 

FlgMe . . a circuit of a digital circuit 

.p driving circuxu 
15 configuration ! iauld crystal display 1 according 

configuration for the color li. ^ ^ ^ ^ 

to th e fourth e— o th P ^ ^ g ^ _ 

sam e numerals are given co P ^ ^ ^ ^ 

explanations thereof are omitt - ^ ^ 

..=1 aisDlav shown 1 m Fig- 
20 color liquid crystal display ^ an(J 

. „, t51 a gradation power supply 
a controlling circuit , . ^ „ instead of the controlling 

the data electrode driving circuit ^ ^ 

circuit «. the gradation power supply circui 

■ rnl it 43 in Fig. 8. 
electrode driving circuit and ? 

. rnl it 51, f° r example, is> * 
25 C °; tr0i r Is ln- Provided with a controlling section 

as shown in Frg- ■ on 55 to gamma compensating 

54 and gamma compensating section > horizontal 
action - controlling section 5 . ^ 

.canning pulse P„, a vertical scanning puis 



•4- m and a scanning electiuuc 
°" CUlt . , s a control signal S cs and a control 

supplies a control signal S c> , 
. , s for controlling gamma compensating section 55, g 
, signal S„ co compe nsating section 55, to 

com pensating section 55 - , ^ 
ga mma compensating section 55, apP 

£roffl th e outside bY operate ioc- ^ ^ 

supP lied from the controlling 5 J _ 

^ fKon rpsDective compensation 
these data, and then respec ted red data 

. • ^rmit 53 as a compensatea icu 
to the data electrode ™ ^ ^ blue da ta 0... 

D „, a compensated green data C a ^ ^ 

15 I* addition, the ga^a compensate S ^ ^ 

55l to gamiaa compensating section 5 ^ 

„ a „d second compensation, and further 
compensation and secon r 

„ri h» di f ferences among rea, yi- = 

compensation. as shown in Fig . 12 , 

The gradation power supply circuit 52, 

■ , tor 56 to resistor 56„ lengthwise connected 
ls provided with resi 5 , ^ ^ ^ ^ 

b etween reference voltage V ^ 

25 to voltage follower 57„, each o gradat ion 

to gradation voltage v„ data el ectrode driving 

compensation and supplies them to the data 
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circuit 53. . v, as shown in Fig. 12, 

The data electrode driving circuit 53, 
is aainly provided with a »X 5S , a CAC 5, of eight b its and vol age 
slower 60, to voltage follower 60 M) . Xn addition, m a rea dat 
electrode driving circuit, a shift register, a data register 

4 th e DAC, however, since there are no direct relations^ 
b etween the features of the present invention and these elements 
and operations, the explanations thereof are fitted. 

The MPX 58 switches the group of gradation voltage v. to 
gt adation voltage v. and the group of gradation voltage V to 

radation voltage v„ among gradation voltage V to gr^i 
lltage v„ supplied fro, the gradation power ^ * 

_ d on th e polarity inverting pulse^ supp ^ ^ ^ 
5 controlling circuit 51 and supplies it to the DAC 

applies the second ga^a rough compensation to a co^a . 
d ata D . of eight b its, a compensated green data D„ of erght b its 
a Lpensated b lue data D K of eight hits b ased on the group 
of gradation voltage ». to gradation voltage V. and the group 
, 0 gr adation voltage v, to gradation voltage v„ supplied fro, th 
- PX 53, converts these data into an analog data red sign, 

applies these signals to corresponding voltage fol ower 60, 
cor esponding voltage follower 60,.,. T he voltage follower to 
25 the voltage follower 60 314 apply b uffer to the data red srgn 

" In addition, the gamma compensation in the DAC 59 is the 



_ d _ rough compensation common r ^ - — 
the second compensation . » 

— » — - l - characteristic shown 

colo r U„ crystal display 1 as - ^ _ 

5 in Fig . 22 .curve a to eve , * ^ 

— ^ — v a, set so that the -con, gamma 

to gradation voltage V„ are set 
voltage v 0 to g v _ t charactetist xc 

rough compensation suitable to t oompens ated 
curve is applied to the compensated red data » 

„ ta D and the compensated blue data T> m . 
10 green data Dso and th diffe rences between 

th e g a- slight compensation is applied d 
th e assumed characteristic curve and curv to o 
gaima compensating section 55, to ga^a co = ^ ^ 
Here Fig. 13 shows an example of a relations* 

„ of eight bits, the compensated green data 
15 compensated red data D„ of erght b , ^ 
■ Vi t- hits and the compensated blue data D BO or 
D « of erght bits gradat ion voltage V 0 

(in dicated by hexadecimal number an g ^ 

to gradation voltage V. and gradation vo a , ^ 
voltage v„. *- -erstood - ^ red data Dm , 

20 second gam^a rough compensation 

« D and the compensated diu. 

the compensated green data ^ y> ^ 

th e group of gradation voltage v 0 g 

„,„„, to gradation voltage v„ which hav 
gradation voltage V, to g d data D the compensated 

fnr the compensated red data D RG , 
oltage values for the cop sup plied to 

data D. and the compensated blue data D. 

."explanations will be given of operations in the 
■ rcuit 51 the gradation power supply circuit 52 and 



vo 

green 
the DAC 59. 
Next 
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present invention in the ope.Uo, ot the circuit <" 

the color liquid crystal display 1. 

F rrst, «- control^ circuit 51 -dependent!, appires - 
£i rst g amma compensation an, the second g amma sii g ht a - 

nd the hiue data »» o« eight *t. supplied trom the out.*. * 

echo, compensation results are supplied to t*. -a electrod 

Lng circuit ,3 a, the co^satea red data 0„, the compensat 
driving D The gradation 

) green data 0. and the compensated blue data G * * 

• S9 applies buffer to gradation voltage V 0 

power supply circuit 52 applies 

n . o v set for the second gamma rough 
to qradation voltage V 17 set 

Iplsation an d suppUes to «- -t. electrode -vrng 

5 citc t:^ - - — - — — : a r:;i 

the s econ d ga^ma rough compensation to the compensated 
D ot ei g ht fits, the compensate. 9 reen d ata 0. o £ er g ht » * 
Id t h e compensate. hlue d ata ^ ot eight *t. supplied from - 
OTtrolli , crrcuit 51 b ase d on the g roup o £ 
20 Vo to gradation voltage V. or the group o £ gradate v It 
t gra dation TOlt ,e V„. analo.converts these d ata rnto 

25 eleCt r: OT e ^ — .e controlling circurt , 

^. „j 4-v.p second gamma slight 
executes the £ irst gamma compensation and the 

„• „ to the fourth embodiment and the data 
compensation according to the 10 

Tetrode driving circuit S3 executes the second 
Sensation, « « and «o O.Cs can fe reduce, compared W ith 
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h effects approximately similar to the 
the third embodiment and effects PP ^ ^ 

third e^odiment can be obtained and a 
reduced. 

Next , explanations^! be 9 iven of tnefiftbembodrment of 
t he present invention- ^ ^ ^ eiectri 

configuration of a ^ ^ , according 

configuration fo the ^ ^ ^ 5ame 

to the fifth embodiment of ^ and 

■ o„ to corresponding parts 

The driving circuit for the 
explanations thereof are omitted. ^ ^ 

. — — ^ tai ;r:::rr t :ii::rode 

a controlling circuit gra dation power 

62 ins tead of the controlling circ. - - ^ ^ ^ 

supply circuit 52 and the data electrode 

11 • • -t 61 for example, is an ASIC, and, 

as sh own in F r 9 15 ^ gl generates 

« and ROM 64, to verticai scanning pulse P. and 

a horizontal scanning pulse », ng the co i or 

a ----"™ U Ti:s^ :; r: t oIhe data electrode 

- - uid " Ystai ;;r ; : — , — — — ^ 

dr i.ing crrcurt 62 and ^ ^ & control 

and supplies a control signal S„, 

signal S„ for controlling ROM ^ 7 ^ , in order to 
The ROM 64 x to the ROM 64 3 are look-up tables 
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, d ata by applying gamma compensation 
give a gradient to data 

independently to red data D.oe, ^ 

P— 1, — 7 P o£ t r bi t S and compensated blue data 
compensated green data ^ ^ when 

Dbs of ten bits whxch are ^ ^ bits 

the r ed data 0, of eight bits, - - ^ w 

and the blue data C„ cf eight bits and « - f _ 

j the control signal b CB en. 
control signal S„ and ^ correspondina compensated 

, th e controlling section 6 , compensated gre en data 

" d " 0f ten 7 1 Z ending compensated bine data 

of ten bits using the - ^ ; suppUes them to the data 
d ata 0. as refers r. ^ the gairo a compensatxon 

15 electrode driving cxrcuxt compensation and 

in ROM 64, to ROM 64, includes the 

the second gamma compensation. p betwe en the 

Here, ng.!6 snows an e,amp e ^ ^ a ted 

20 re d data IV of ten bxts. ^ green data ^ 

also memorize the green compensated 
of ten bits corresponding to the blue data 

bl ue data D» similarly to Fxg. 16. ^ ^ ^ 

The data electrode driving cxrc ^ ^ ^ ^ & 

25 is mainly provided wxth a ^ 68i to voltage 

MK 66, a »C 5. of 10 bits and vol ^ ^ ^ 
£oll ower 68 S ... in addition, ~* ^ ^ . M 

circuit, a shift register, a f ro nt step of a DAC, however, 

shifter and a like are provxded at a f 



54 



dir ect relationships between the features of 
since there are no drrect ^ the 

th e present invention and these 

emanations thereof are crtted ^ pIMlJed with 

- TOl ;T 6 ;T g tlse connected between • 

5 - Si3tM " r ; S :n;a g ro;ndan d s U p P iiesa g ra d ation TO ita g e 

refers nce voltage V m and g ^ ^ ^ a gradatlon 

V 0 . a g radation voltage V. a g ra ^ 
TOl ta g eV 1 ,forcon.ertin g the C o m pensate^^ ^ ^ 

the ---;;7^;: tlo? at connection points of 
10 bl ue data , s of ^ ^ ^ an analog g reen 

adjacent resrstors ^ gg _ 

signal and an analo, blue sr.nal ^ ^ 

The MPX 66 switches the group * ° 

15 v , a nd the gradatron voltage^, ^ ^ ^ ^ ^ 

the g «dation volta g e ., gradation voltage supply 

gradation .oltage V - ^ ^ _ - ^ <~ 

source 65 based on the polarxty ^ _ 

r:r;:::::r:ri:»». l:::::r ; ; ;:r: 
-.- T : : ;;:r:;i;,::ri:: 
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display 1 • relationship between the 

Doo of ten bit. and the P ^ voltage v , 

(indicat ed t ,^a 4 ec lMl -e I (HEX,, a , ^ 

v and gradation voltage v 9 

to gradation voltage V, ^ ^ o£ gradation 

.oltage v„. - understood fro. ^ > ^ ^ 

„ to gradation voltage » > ^ ^ _ ^ and 

the compensated red data 0 ^ ^ ^ ^ 

the compensated blue data D ^ ln the 

N e*t, explanations «11 - g circuit 62 

— - rcuit 0 ; r P : iriiuon * *. ^ - 

5 which are — ^ crystal display 

the driving c.rcu.t for con trolling circuit 

control signal S ^ comp ensated blue data of 

20 compensated green data «, . „ h , bit s, the green data D G 

---^:\rr:: D r e rght suppued^ 

el ectrode driving circuit 62. ^ &2 

25 accordingly, - * red data 0„ of ten brts, the 

analog-converts the compen *t^ ^ ^ ^ blue 
compensated green data ^ ^ „ ^ 

data 0, o, ten bits suppl^ ^ ^ vQltage 

on the group of the gradatron 



56 



ad ation voltage V, and the gradation 
v . or the ,™up °* the '"^ a data gre en signal and a data 
.oltage ,„ i-o a data red srgna^ ^ ^ ^ ^ applY 

them to co^espondina electrodes.^ ^ „ 

Rs above described, second gamma 

— s t. 

compensation according to . ^ ^ fourth 

po.ersuPP.V circuit-- be o^e ^ ^ ^ 

ent ,odiment and ejects ^ ^ can be reduced. 

0 embodiment can be obtarne n ^ ^ ^ ^ 

Also , acc ordrng to W ^ ^ compensated 

red data D, 6 , the compensated gr ^ ^ possible 

bl ue data read f rom H* to BOM ^ ^ ga _ 

-^^irrXai Process as described rn the 
15 compensation usxng the op 

(ou rth embodiment. is not umited 

It is apparent that a nd modified without 

t0 the above embodiments but may be *a^ 

parting from the scope . spr ^ ^ 

2Q Fo r example, in each o t ^ 1 q£ . 

mention is appiied " ^J 0 . pre3 ent invention is not iimited 
norm alXy white type, however, P ^ dm o£ 

to this and mav be «*"J^ transmi ttance is Xow in a state 
a normaXXy bXac* type rn wh.ch a ^ ^ ^ ^ ^ 

25 that no voltage is appixed. In tx ^ ^ ^ £elationshi p between 
embodiment, not Fig- "> ^ ^ the group 

the red data , « erght bits vQltage v . and the 

of red gradation voltage M giada tion voltage V B , . 

g roupo f red gradation voltage V M to 
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, the reference voltage and the 
In another embodiment, ^ 6 , to ROM 64 s or a 

nation voltage, storage^ ^ ^ ^ ^ „ ystal 

Uke may be changed so as to be 

display of the normally blac. type is 
M .o. * the above -^'^ of the actl ,e matrix 

driving type using any color Irgurd 

inventionisnotlimitedtothrsand y ^ 

crystal display having any — r* the second gam*a 

slight compensation are a and _ seco nd 

( ou rth e^odiment and ^ f _ the R0MS m 

gaItm a compensation are applre y i3 not 

the fifth embodiment, however, 
L5 Umited to this. eI[j3od i m ent, the first ga-a 

For example, in the compe nsation may be 

compensation and the second g^ ^ ^ ^ 
applied by reading data fro compe nsation 
tne first gamma compensate and 
2Q may be applied by an ^"^J^l Laid . ope n Hei 10-3X3416 
Rlso , aapanese Patent i and the 

— COnCe i::l tie gala characteristic of the 

se cond gamma compensate, ^ compe nsation may be 

color liquid crystal drsplay , ^ a ^ and a 

25 apP lied to a curve part by rea rng - ^ ^ ^ ^ fcy 
lik e and a gam^a compensate may be 

an operate process. conce rning the drrving 

Rlso , i„ the second embodrmen is 
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n reference ,oUa,e tor the video red 
applied using the c-o, re* ^ ^ green signal 

sign ais„, — of the red 

Sk cotresp ond in g no C h tacteristic an d the W ue V- T 

characteristic the 9 r.en ^ display x , and 

characteristic of the color lso posslW e to 

therefore, circuit scale can >e ^ ^ clrcuit 

use this technic for a drrvrng 

configuration. adat ion power supply circuit 42 shown 

. Fot example, in the gra - > ^ ^ ^ 

- in »■ — OTly ° ne I * — - — iM VOltagS 

concerning a s»e voltage ^ Vso to 

Vm t0 re d gradation voltage v n „ ^ fc<) fclue 

R0 « and blue graaatJ-^ 

green gradation voltage V a ^ ^ ^ ^ of voltage 

gra dation voltage V sea . ^ ^ ca n *e 

c AS for generating 
15 followers 4b tos. y 

reduced. d embodiments, the first 

Rlso , in each o« the afove-ment , ^n ^ ^ 

• o fhat a qamma compensati 
gaItma compensation ,s that ^ ^ ^ & 

a finance characterise ^ ^ ^ ^ coffipensatl on 

20 of an input image, however, ma ^ ^ (gMma 

sui tahle to the gamma charac {rom the 

gamm. characterise of the CK ^ varlous 

characteristic mav >, ^ or an intent, 

25 comities are sold vra a t ^ ^ ^ ^ a color 

an d a design of a real commodity with t 
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relied however, only the 
first gam a condensation always ,s appl^, 
secon* ga^a compensation m ay *e .pplx.d. 




